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FOREWORD 

This report is  the sixth in a series of quarterly progress reports under 
Contract NSR 22-009-106 between the National Aeronautics and Space Adminis- 
tration and Lincoln Laboratory. Previous quarterly progress reports are re- 
ferred to as QPR (1966:l) through QPR (1967:l). It is intended that this will be 
the last quarterly progress report; the final project report will be issued on 

31 August 1967. 

Section I of this report describes the progress which has been made in the 

mapping a t  3.8cm. Most of the area within 10" of the lunar equator has now 

been observed, and much of the data have been converted to intensity maps. 

Section I1 discusses some further studies of the supersynthesis technique, 
primarily in anticipation of its use for future polarization studies a t  23-cm 
wavelength. Section I11 describes advances in the 8-mm radar observations. 
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I. HIGH-RESOLUTION 3.8-CM REFLECTIVITY MAPPING 

At the end of the cur ren t  report ing period, the en t i re  region of the lunar  sur face  lying 

between 10 longitude eas t  and west  had been observed a t  3 . 8  c m  
using the Haystack r ada r .  In addition, severa l  smal l  a r e a s  lying outside this  region of p r imary  
concern had been observed because of some special in te res t  connected with them. The Four i e r  
ana lys i s  of these  observations has  been largely completed, but the final t ask  of producing maps  
has  been delayed s o  that all the maps will be  of identical format. 

latitude north and south and 70 

A number of improvements  in the overal l  sys tem have been introduced in  the l a s t  t h ree  
months. 
200 samples  in delay and 256 in Doppler. 

an  optical image having 200 by 200 resolution elements. 
of the full data content of a given run  under all conditions, and maximizes  the operating efficiency. 
An example of data taken, processed,  and displayed using these  new programs is shown in  Fig. 1. 

In the mapping program, i t  is now possible to  accommodate a r u n  having simultaneously 

The display program has  a l so  been modified to  present  
The combination thus permi ts  retention 

A second improvement has  been the construction of f i l t e rs  to permi t  the use  of 5-psec 
t ransmi t ted  pulses and sampling intervals .  
survey of the equatorial regions except in severa l  of the observat ions taken near  the center  of 

the disk where the resolution otherwise would have been very  poor. However, they have been 
used to  study the eight most recent ly  selected possible Apollo lunar  landing s i t e s  in a s  much 

detail a s  possible. 
Tycho and is shown in Fig. 2. F igures  1 and 2 were  obtained within an  hour of each other on 
21 March 1967 using 1 0 -  and 5-psec delay resolutions, respectively, so  that a d i rec t  compari-  
son of the improvement may be made. 

which was  taken on 2 1  December 1966.  
sub rada r  point on the two dates, the improvement afforded by the sho r t e r  pulse was not a s  d r a -  

mat ic  a s  i t  would be otherwise. Nevertheless, the resolution maintained in Fig. 2 is only slightly 
worse  than 1 km. 

The short  pulses  were  not used as par t  of the broad 

A mapping run  using the 5-psec resolution has  a l so  been taken of the c r a t e r  

Comparison may a l so  be made with Fig. 6 of Q P R  (1967:1) 
Because of a substantial difference in  the location of the 

Finally, the ability t o  map the output in  Mercator  projection has  been added. Thus, a f te r  

sui table  enlargement i t  should be relat ively easy from the final r a d a r  maps  to  construct overlays 
which will permit  direct  comparison with the corresponding Lunar Aeronautical Chart. 

expected that the option of mapping in Lamber t  projection a l s o  will be included shortly. 
It is 

Figure  3 is included to  demonstrate  the high resolution of the r a d a r  mapping technique for  
regions n e a r  the lunar  limb. 

because of the difficulty in obtaining ground-based optical measurements  of equivalent resolution. 
Other than to  t e s t  the method in  this region of the lunar  surface,  however, no systematic  mapping 

is present ly  planned. 

The data obtained in this region a r e  par t icular ly  useful, of course,  
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-0. Fig. 1 .  Lunar surface in  vicinity of crater Tycho 
using 10-psec resolution as mapped by Haystack 
radar at 3.8-cm wavelength. Coordinates used 
here are selenographic Cartesian, normalized to 
lunar radius. Thus, a small grid square i s  0.02 
by 0.02 and resolution i s  0.001 by 0.001 or ap- 
proximately 2 km. 
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Fig. 2. Radar map of crater Tycho using 5-psec 
resolution taken shortly after map shown in Fig. 1 .  
Here, a small grid square i s  0.01 by 0.01 lunar 
radius units and resolution i s  0.0005 by 0.0005 or 
approximately 1 km. 
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Fig. 3. Radar map of a region near eastern equato- 
rial limb of moon in  Mercator projection. Delay 
resolution i s  10 psec or approximately 1.5 km on 
surface. 
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II. LIMITATIONS OF SUPERSYNTHESIS TECHNIQUE 

A. Introduction 

In QPR (1967: I), i t  was demonstrated that coa r se  resolution maps  can be constructed by 

combining frequency spec t ra  obtained as the  apparent l ibrat ion ax is  of the moon ro ta tes  through 
180 It was suggested that the technique be applied at 23  c m  t o  study the depolarization 
proper t ies  of distinctive fea tures ,  and that the technique might prove helpful in  constructing maps  
of the a r e a  near  the subradar  points even at 3.8 c m  when the delay-Doppler technique develops 

difficulties. 

o r  more .  

Since that t ime,  studies have been conducted t o  es tabl ish the l imitat ions of the supersynthesis  
technique to  determine whether i t  might offer the delay-Doppler technique any competition, even 

in the cases  where beam resolution is available. Both sys temat ic  and random e r r o r s  have been 

considered. 

B. Systematic E r r o r s  

In QPR (1967: I ) ,  we showed that the filtering of the observed data with a power frequency 
response  g(x) and the subsequent combination of the data - observed for  all  angles $ between 
the apparent  libration axis  and the t rue  lunar  axis  - could be interpreted a s  a two-dimensional 
convolution of the t r u e  distribution f(x, y )  and a function G(x, y )  

r r  

where G(x,y)  is defined by? 

This  is the  complex conjugate of the resu l t  of QPR ( 1 9 6 7 : l )  and in  th i s  form appears  to  conform 
bet ter  to  s tandard pract ice .  

by s o m e  weight function which de-emphasizes i t s  values for  l a rge  arguments  m. 
denote th i s  weight function by h ( s )  and determine i t s  re la t ion to  the smoothing function G(x, y).  
The  modified correlat ion function is p ( s  cos  $; s s i n + )  = p ( s  cos +; s s i n $ )  h(s ) .  This  resu l t s  
in a n  expression identical to Eq. (1) except that the smoothing function is now of the form 

This  filtering of the s t r ip  distribution is equivalent to  multiplying the correlat ion function 
Let US 

a 

G(x, y)  = 271 r dr  J o ( 2 r r m ) h ( r )  . 6 ( 3 )  

Comparison of Eqs. ( 2 )  and ( 3 )  shows that the multiplying function h ( r )  is the Four ie r  t ransform 

of the fi l ter  function g(p). 
A s  an  example, we recons ider  the Gaussian fi l ter  function of QPR (1967: 1) where the resu l t -  

ing G(x, y )  was quoted incorrect ly  because of a propagation of the 271-error noted above. Thus, 

t Note the 2n in the argument of the Bessel function which was inadvertently omitted in QPR (1967:l). 



gives 

where A is the half-width of the filter. 
g 

In mapping the lunar  sur face  as descr ibed,  the f i l t e r  function is given by 

Unfortunately, w e  have not ye t  been able t o  determine an analytic expression for  the correspond-  

ing G(x, y) .  
comparison with Eq. (5).  

However, reasonable  es t imates  of equivalent resolut ion can be made by appropriate  

Next, i t  is necessary  t o  fur ther  explore  the effect of only knowing the  s t r i p  distribution o r  

For th is  purpose, we imagine that the  the visibility function at d iscre te  values of the angle $. 

visibility is known a t  N equidistant values of $, viz., 

n = l , N  . ( 7 )  
* = "  

n N "  

In addition, the complex visibility is de-emphasized a t  l a r g e  a rguments  as just  descr ibed.  

the integral  for  the apparent power distribution, we therefore  subst i tute  a two-dimensional cor- 
re la t ion function modified in  the following manner:  

In 

N-I 
P a ( s  C O S  3; s s in$ )  = 6 ( $  - $ n) h ( s )  p ( s  cos$;  s s i n $ )  . 

n= 0 

Substituting Eq. ( 8 )  into that integral  gives 

N - l  

pa(x ,Y)  = 1 s d s  { p ( s  COS$,; s s in$n)  exp[2s i s (x  cos$n  t y s i n $  n ) ]  
n=O O 

n=O 

In this  case ,  therefore, the two-dimensional smoothing function becomes 

N - l  

G(x,y)  = 2 2 I s . ds h ( s )  cos [2ns(x cos Qn t y s i n $ n ) ]  . (10) 
n=O O 

The par t icu lar  example considered above, that of a Gaussian fi l ter  in  the s t r i p  distribution, 
cor responds  to  

2 2 2  
g (11) h ( s )  = exp[-22* A s J . 

4 



Substituting this into Eq. ( I O )  gives 

where  

2 2  
g 

a = 2 n  A 

x = T ( X  cos Qn t y s in  $n) . n 

Equation (12) can be integrated and gives? 

2 2 
The function f(y) = 1 - 2y e-’ 6” et dt is shown in Fig. 4. W e  s e e  f rom this  form of G(x, y)  
that the contribution to  G(x, y) f rom a par t icular  run  represented by the angle # 
x = 0, i .e.,  along a direction perpendicular to the baseline of run  m.  F rom this, i t  follows 
that the sidelobe reject ion is directly proportional to  the number of runs,  o r  to the number of 

d i scre te  basel ine directions, a s  a l so  noted i n  a s impler  example in  QPR (1967: 1). 

is unity when m 

m 

13-3(1-105111 

f , y ) = f - 2 y . - + ~ d ,  0 

Fig. 4. Plot of function f(y). 
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Next consider the even more  rea l i s t ic  ca se  when the angle $ is allowed to vary continuously 

during each observation so  that the value of p(u;  v ) ,  which is assigned to  a single angle $ in  

actual fact a r i s e s  a s  a mean over a cer ta in  range of angles f rom d This  

fo rm of averaging o r  smear ing  of the data occurs  when the complex visibility is computed a s  an  

autocorrelat ion function and the instantaneous rotation axis  of the ta rge t  is changing direction, 
a s  in the case  of lunar  mapping. 

m’ 
- A$/2 to dm + A$/2. m 

When the smear ing  of the visibility function is caused by a rotation of the axis  of the target ,  
the modified visibility function fo r  a par t icular  run m becomes 

t Handbook of Mathematical Functions, edited by M. Abramowitz and I.A. Stegun, Natl .  Bur. Stds. Applied Math. 
Series 55 (1 964). 
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x exp [-2ais([ cos  $, + q ' s in  Qm) ] . 

Introducing 

x = [ ( [ I  - X I )  COS I, + (TI '  - Y ' )  n 

Yn = a([' s i n $ n  - q' COS $n) A$ 

one obtains 

m 
N-1  

G(x - 5 ' ;  y - q ' ;  [ ' , q  ') = 2 - 1 1 ds h ( s )  [ s in  (Zs(xn + %)] - s i n  [2s(xn - +)I} (15a) 

Yn o n= 0 

and the smear ing  of the t rue  distribution is no longer a t r u e  convolution. T o  second o r d e r  in  y n' 

The condition that the angular smear ing  of the correlat ion function is not to influence the data  
appreciably corresponds to requir ing s y  < 1 for  all  values  of s for  which h( s )  is not c lose  t o  

zero .  In the Gaussian case,  h (s )  is close t o  z e r o  whenever s > 1/r . A fi. 
the same  units a s  A 
we conclude that the smear ing  is important whenever 

n 
If ro measured  in  

g 
denotes the la rges t  value of in  P ( x , y )  for  which a s ignal  is present ,  

g 

A Q < ~ ~ A  /r . (16)  
g o  

Comparison of the fi l ter  functions (4) and (6)  shows that 

(17)  
3 A = A  - = 0.955 Af . 

g f =  

A s  explained in QPR (1967: I), the  width of the actual analyzing f i l t e r  was Af = ro/25 where  ro 
now is the lunar  radius .  Substitution of this  into condition (16) shows that 

A$ < f i  - 0.955/25 = 0.054 radian = 3.1 . (18) 

This  is certainly not fulfilled in  the runs  analyzed in QPR (1967: 1), where A$ in  some  instances 
was 4" .  It may be  expected that the condition (16)  can a l so  be applied a s  a measu re  of the im-  
portance of the angular sampling i f  AQ is interpreted as the angle between the l ibrat ion axes  on 
consecutive runs.  
why we had t o  apply smoothing to the data in o rde r  t o  obtain a reasonable  map. The  contour map 

presented in QPR (1967: 1) a s  Fig. 4 was obtained basically with only about 17  f i l t e r s  a c r o s s  the 
diameter  of the moon. 

In the data analyzed, this  A$ was as l a rge  a s  10 ', which s e e m s  to  explain 

This  s e t s  the corresponding l imi t  on the right-hand s ide of Eq. (18) at 



9.3 ', and sa t i s f ies  the "smear ing  condition" as w e l l  as the "angular jump" conditions near ly  
throughout. 

It should be added that higher resolution mapping can be achieved nea r  the center  of the 

moon. 
be sat isf ied with l a r g e r  values of A$.  

essent ia l ly  3 ?  f i l t e r s  acrsss the lunar  diameter ,  and the resu l t  is shown in Fig. 5. 

level  along the edges is very  prominent, as the above analysis  predicts .  However, it appears  

that the resolut ion is considerably increased near the center .  It is par t icular ly  interest ing to  
note how Copernicus has  emerged a s  a distinct separa te  feature  on this  sca le  [ see  Fig. 5 and 

compare  with F ig .4  in  QPR ( 1 9 6 7 : l ) l .  

If we concentrate  o u r  attention only on the central  disk to  ro = $, then condition (1 6) can 
We reanalyzed the data of 27 and 28 December 1966 with 

The sidelobe 

C. Random Errors  

Random e r r o r s  in the est imate  of the reflectivity in the maps  a r i s e  e i ther  because the re  is 
a n  appreciable  amount of random additive noise superimposed on the signal, or because the 
s ignal  itself fades  so  that the mean signal power even in the absence of additive noise may only 

be determined af te r  a cer ta in  amount of signal integration. F o r  most  r a d a r  as t ronomy targets ,  

except f o r  the moon, additive noise is of greatest  importance. When the most  sensi t ive r ada r  
sys t ems  a r e  applied to  the study of the moon, however, the r e tu rns  a r e  so  s t rong  that additive 

noise is not the limiting factor. Fo r  this reason, we shal l  discuss  the la t te r  case.  
It is difficult to  give a completely general  discussion of the computation of the random e r r o r s  

covering a l l  experimental  situations. Thus, we shal l  consider the par t icular  experimental situa- 
tion which a r i s e s  in lunar  observations where a s  an  approximation one may r ega rd  the projection 

of the instantaneous apparent  axis  to  rotate  a t  a constant angular velocity 6. 
sume  that the rotation r a t e  1 R 1 (and hence the limb-Doppler) remains  constant. 
will be assumed to  be car r ied  out continuously s o  that problems in connection with d iscre te  

angular sampling do not a r i s e .  

must  be replaced by i t ,  where t is the t ime,  and the var iable  s [e.g. ,  s e e  Eq. ( 8 ) ]  w i l l  be r e -  
placed by ZTR /A, where T is the t ime shift in the correlat ion function and R 1 1  is the projection 

of the apparent  angular velocity on the x, y plane. F o r  the t ime-varying autocorrelation function 
a t  t ime t and delay T ,  one obtains 

We shal l  a l so  a s -  
+ 

The observation 

(The  experiment is therefore  highly idealized.) The angle $ 

/ I  

p ( T ;  t )  = dxdy P(x;y)  exp [-47ri R {x [cos +t . ( $ T / Z )  - s i n @ ]  I1 
. ( 1 9 )  

A s  explained previously, this  ideal correlat ion function must  be multiplied by a weight function 
h(T) in o r d e r  to achieve some  filtering of the data. Fur thermore ,  we cannot a r r i v e  a t  an  es t i -  
mate  of the instantaneous correlat ion function at t ime t .  

by taking a t ime average.  
be a random variable  having a mean value given by 

S'S 
t y [ s i n # t  . ( + ~ / 2 )  + cos ~ t ] } ]  

In pract ice ,  we must  make an  est imate  
Therefore ,  the correlat ion function available for t ransformation will 

where  g( t )  is a time-averaging function. 
disk is 

The estimate of the f i l tered br ightness  over  the ta rge t  

7 



Fig. 5. 
labeled in  relative power. 

Contour map of lunar reflectivity, depolarized circular component, 23-cm wavelength. Contours 
Fi l t  = 0.132. 
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P,(x; y )  = K d7 dt 7pm(7; t) exp [4*i 7 52 ( x  cos +t + y s in  ~ t ) ]  (21) ss I1 
where  K is a constant of proportionality. 

the random variable  p A ( 7 ;  t) ;  hence, 

Here, pm(7; t )  is to  be  considered the mean value of 

i 
m \Pm 9 ( T i t )  = ( T ; t ) >  . 

The deviation or uncertainty in Pm(x; y)  is given by 

d7 dt 7(pm - pm) exp 14ai i 
d ~ A ( x ,  y)  = K 52 ( x  cos Qt + y s in  +t)]  ss II 

and the mean-square uncertainty becomes 

the pr imed functions having arguments  T I  and t ' .  

of "instantaneous correlat ion functions" appearing under the integral sign, we proceed as follows: 

In o rde r  to  compute the mean of the product 

i ll dt" dt"' g(t - t l ' )  g(t '  - , 1 1 1 )  
i:: 

<pm(T' ;  t ' )  pm(7; t )>  h(7) h b ' )  

. <pi(7; t") pi"(T'; t"')> . (24) 

i Since the random variable  p ( 7 ;  t )  is defined as a s imple product of two random variables  which 
a r e  near ly  always Gaussian, w e  may express  the mean of the product in  Eq. (24) in  t e r m s  of 

products of means 

<pi(7; t f f )  pi"'(Tl; t!!!)> = <f;k(t" f 7 )  f(t1') f ( t " '  f 7 ' )  fk(t '")> 

= <f:"(t" + 7 )  f(t")> <f(t'" + 7 ' )  p ( t " ' ) >  t <f+(t" + 7 )  f(t"'  t 7')) 

. <f( t l f )  f ( t " ) >  

= p(7; t")  pC(7';t" ') t p ' : ' (7 '  - 7  t t ' "  - t" ;  t" t 7 )  

(25) 

The  f o r m e r  of these  two t e r m s  will only s e r v e  to cancel the product of the means in Eq. (23) and 

the re  r ema ins  

x p(t"'  - t f l ;  t") . 

dPm(x, y )  2 2  = K 1 . . . 1 d7  d7' dt dt' T T '  exp { 4n i 1 1  [ T ( X  COS Qt f y s in  #t) 

- T ' ( X  COS # t '  t y S inQt ' ) ]}  X h(T) h(7') ll dt" dt"' g(t  - t ? ' )  

(26) x g ( t ' - t " ' )  p': ' (T '  - T  f t"! -t"; t" f 7 )  p( t " ' - t " ;  t ! ' )  . 

This  expression is so  complex that general  conclusions cannot easi ly  be  drawn regarding the 
relat ive uncertainty in  the reflectivity determinations. Under these  circumstances,  the best  

one can accomplish apparently is to  construct an example which is s imple  enough fo r  the compu- 
tations t o  be ca r r i ed  through, yet  complex enough to  convey information of general  validity. 

appears  that the following distribution is of such a nature: 

It 

9 



where a is a measu re  of the extent of the moon. F r o m  Eq. (191, i t  follows that 

Here  w e  have introduced f L  = 2aO 

radius  a. 
effect. 

/A, which corresponds to  the "limb-DopplerT1 of a planet of I1 
Since p ( ~ ;  t )  is not dependent on t ,  the  convolution with g(t - t ' )  in  Eq. (20) has  no 

Using a Gaussian weight factor h(T) a s  in  Eq. ( I I ) ,  one obtains 

pm(T,  t)  = exp {-2T2(fLT) 2 [ I  t ( A  /f 2 11 = e -P2T2 

g L  

Substituting this into Eq. ( 2 1 )  gives 

The mean observed distribution is therefore  seen  to  closely r e semble  the original distribution 

a s  long as A << fL .  
g 

In o rde r  to compute the uncertainty d P  ( x , y ) ,  we have to  make the additional assumption m 
that 

With this  assumption we find, a f te r  some  considerable labor ,  that 

where AT = T I  - T, and Q = 6 A 

cycle is typically f L  . 
PT >> 1. 

AT = 0 .  

the  f i r s t  exponential factor  one may put T = T I .  

W e  note that @To E f i  f L  . To. The duration of a fading 
-1 g' 

Since T o  must  include a grea t  many fading cycles, we conclude that 

Fo r  the s a m e  reason,  AT can be  ignored in the l a s t  exponential factor  by putting 

We a lso  note that cy << P for  reasonable  resolution to  be obtained. It follows that, i n  
With these  simplifications, one obtains 

with At = t '  - t 



. 
When substituting into Eq. (231, we expand the exponent of the phase factor  to  f i r s t  o rde r  in  

At about At = 0 and integrate  with respec t  to t ,  The resu l t  is 

2 2 - 3  -p2Ar2/2 
T ~ T .  e -CY 27 l-, d(A7) (7 + AT) . e 2 2 - 3  -p2Ar2/2 
T ~ T .  e -CY 27 l-, d(A7) (7 + AT) . e 

where  r = m. Since this  is not easily integrable, we have to  be content t o  find a n  upper 

bound t o  6 P  (r)  
tions which a r e  all compatible with previous assumptions, we finally obtain 

2 by computing the t r ip le  integral for  r = 0 only. Making some  fur ther  approxima- m 

Substitution of 4 = s /T ,  where T is the total time of observation, and computation of the relat ive 

uncertainty gives for  r = 0 

We note that th i s  is independent of t ransmi t te r  power because of the absence of additive 

noise. The  uncertainty 6Pm/Pm is inversely proportional to  the square  root  of observation t ime 
multiplied by the smoothing fi l ter  bandwidth, and direct ly  proportional to  l inear  resolution. Fo r  

a given resolution, we see that the uncertainty is inversely proportional to the square  root of the 

operating frequency s ince,  for  a given resolution, one must  make A - operating frequency. 
g 

Suppose we des i r e  to  obtain reflectivity data to  an  accuracy of 6Pm/Pm = 0.25. Let u s  
determine,  according t o  Eq. (36), to  what resolution w e  can map. 
observing t ime and the limb-Doppler to be 10 Hz, one obtains 

Taking 1 2  hours  a s  a typical 

A 
>/ 2.54 IOm2 

f, 
l- 

which corresponds to a resolution of 43 km on the moon. 
tion which the method can yield a t  23 cm using the Millstone antenna. 
antenna beam can be used to  effectively reduce the apparent  s i ze  of the moon, the achievable 

resolut ion for  the s a m e  relat ive uncertainty should be about one-tenth of this,  i.e., approximately 

5 km. In view of the excellent resolution achieved - even near  the sub rada r  point - in the delay- 

Doppler technique a t  3.8 c m  using the Haystack antenna, i t  does not appear  worthwhile to  imple- 
ment the supersynthesis  technique for  high-resolution mapping of the moon a t  3.8 cm. However, 

for  fur ther  detailed polarization s tudies  of the moon a t  23 cm,  the method appears  to be  valuable. 

This  appears  to  be the ultimate resolu-  
At 3.8 c m  where the narrow 

III. PROGRESS WITH 8-MM RADAR SYSTEM 

During this  quar te r ,  the 4-kW 35-GHz klystron amplif ier  tube was delivered and is now 

operating on the bench a t  1 . 2  kW. 
pleted and is operating smoothly. 

The t ransmi t te r  assembly  for  this high-power tube is com- 
The control logic and r emote  monitoring equipment a r e  near ly  



finished. A thermal  detuning problem, which at the moment prevents  s tab le  operation, has  been 
encountered but is not expected t o  impede the p rogres s .  

the tube a l s o  seem to work sat isfactor i ly .  

The  osci l la tor  and mult ipl ier  chain for  

Because of delay in delivery of the kilowatt tube, considerable  t ime  has  been spent  on the 

50-W t ransmi t te r .  
t r ansmi t t e r  has proven to be excessively inconvenient. 

provided the re ference  frequency is cor rec t .  
mined by uncontrollable internal tube pa rame te r s .  
has  had t o  be supplied by means  of a spec t rum of c rys ta l s .  A different and much m o r e  conven- 

ient r e fe rence  frequency synthesizer  has  now been implemented and is cur ren t ly  being installed 
in  the r a d a r  cab. Its p r imary  purpose is t o  provide a re ference  frequency which can be readi ly  

adjusted so  that the  35-GHz klystron is locked a t  a frequency a t  which it osci l la tes  strongly. 

The original method of phase-locking the 35-GHz klystron osci l la tor  i n  th i s  
Now the 50-W tube can b e  phase-locked 

The tube will only osci l la te  a t  a frequency de ter -  

For  th i s  reason ,  the re ference  frequency 

The remainder  of the mil l imeter  effort has  progressed  in a m o r e  satisfying manner .  The 

Installation of encoders  on new r a t e  drives fo r  pointing the antenna a r e  s t r ikingly successful .  
the  azimuth and elevation shaf ts  is near ly  completed. 

being supplied by the CDC-3300 Haystack computer on a regular  schedule and in convenient form.  

The pointing and Doppler data a r e  now 

Returns  from the moon have been observed during th i s  report ing period but, to date, the 

Doppler correct ion has  not been working sat isfactor i ly .  
descr ibed above, this difficulty is expected to  disappear  so that reflectivity data may be obtained 

using the 50-W tube. 

With the new frequency control sys t em 
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